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b = 10.0963 (2) A 
c = 13.2283 (3) A 
a = 90.284 (1)° 
P = 91.192 (1)° 
y = 99.709 (1)° 
V = 880.57 (3) A 3 

Data collection 

Bruker APEXI1 area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
Tna,, = 0.828, T max = 0.951 

Refinement 

R[F 2 > 2a(F 2 )] = 0.032 

wR(F 2 ) = 0.089 

S = 1.06 

3083 reflections 

241 parameters 



Z= 1 

Mo Ka radiation 
jtt = 0.75 mm -1 
T = 296 K 

0.27 x 0.21 x 0.07 mm 



11942 measured reflections 
3083 independent reflections 
2654 reflections with / > 2tr(7) 
Ri„, = 0.032 



3 restraints 

H-atom parameters constrained 
Ap»ax = 0.38 e A~ 3 
Ap mi „ = -0.44 e A~ 3 
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Table 1 

Hydrogen-bond geometry (A, °). 



Key indicators: single-crystal X-ray study; T = 296 K; mean a(C—C) = 0.003 A; 
R factor = 0.032; wR factor = 0.089; data-to-parameter ratio = 1 2.8. D—~£L---A D — H H- ■ -A D- ■ -A D—H---A 



In the title compound, (C 7 H 7 N 2 S) 2 [Ni(C 8 H 8 0 5 ) 2 ]-6H 2 0, the 
Ni 11 cation is located on an inversion center and is 0,0',0"- 
chelated by two symmetry-related 7-oxabicyclo[2.2.1]heptane- 
2,3-dicarboxylate anions in a distorted octahedral geometry. 
The 2-aminobenzothiazol-3-ium cation links with the Ni 
complex anion via N— H- ■ O hydrogen bonding. Extensive 
O— H---0 and N— H- ■ O hydrogen bonds involving the 
lattice water molecules also occur in the crystal structure. 

Related literature 

For background to the applications of norcantharidin 
(systematic name: 7-oxabicyclo[2,2,l]heptane-2,3-dicarboxylic 
anhydride), see: Hill et al. (2007). The isotypic Mn", Co 11 and 
Ni 11 analogues were reported by Wang et al. (2010a,£>) and 
Zhang et al. (2012), respectively. 



-i 2- 




Experimental 

Crystal data 

(C 7 H 7 N 2 S)2[Ni(C 8 H 8 0 5 ) 2 ]-6H 2 0 Triclinic, PI 

M, = 837.51 a = 6.6907 (1) A 



o\w-mwA- ■ 
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0.S5 
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■OT 


0.85 


1.83 


2.682 (2) 


179 
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179 
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02W 
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1.95 


2.772 (3) 


161 


N1-HL4---04' 




0.86 


1.82 


2.673 (2) 


173 


N2-H2/l-03 i 




0.86 


2.01 


2.863 (2) 


173 


N2-H2B- ■ 02W 


0.86 


2.00 


2.818 (3) 


158 


Symmetry codes: 


(i) -*H 


-1,-y + l, -z- 


hi; (li) x,y- 


1, z; (iii) — Jt - 


- 1, -y, -z 


(iv) —x, —y, —z 4 


1. 











Data collection: APEX2 (Bruker, 2006); cell refinement: SAINT 
(Bruker, 2006); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 

The authors thank the Natural Science Foundation of 
Zhejiang Province, China (grant No. Y407301) for financial 
support. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5517). 
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Bis(2-aminobenzothiazol-3-ium) bis(7-oxabicyclo[2.2.1]heptane-2,3-dicarboxyl- 
atoV0 2 ,0 3 ,0 7 )nickelate(ll) hexahydrate 

Gui-Xian Wang, Qi-Wei Zhang and Fan Zhang 

Comment 

7-oxabicyclo[2,2,l]heptane-2,3-dicarboxylic anhydride (norcantharidin), which has been considered as potent inhibitor 
of the serine/threonine protein, has great anti-cancer activity (Hill et ah, 2007). A isostructural manganese complex 
(Wang et ah, 2010a) and a cobalt complex (Wang et ah, 2010&) has been reported. The molecular structure of the title 
complex is shown in Fig. 1 . The nickel atom is six-coordinated in a distorted octahedral coordination mode, binding to 
two bridging O atoms of the bicycloheptane unit and four carboxylate O atoms of two symmetry-related and fully 
deprotonated ligands. 2-aminobenzothiazole don't involved the coordination, and N atom of thiazole ring is protonated. 
The crystal structure is stabilized by N — H— O hydrogen-bonding interactions between the cations and anions and O — 
H— O hydrogen bonds including the crystal water molecules. 

Experimental 

A mixture of 0.5 mmol norcantharidin, 0.5 mmol nickel acetate, 0.5 mmol 2-aminobenzothiazole and 15 mL distilled 
water was sealed in a 25 mL Teflon-lined stainless vessel and heated at 443 K for 3 d, then cooled slowly to room 
temperature. The solution was filtered and block green crystals were obtained. 

Refinement 

The H atoms bonded to O atoms were located in a difference Fourier maps and refined with O — H distance restraints of 
0.85 (3) A and t/ iso (H) = 1.5t/ eq (0). Other H atoms were positioned geometrically and refined using a riding model with C 
— H = 0.97-0.98 and N— H = 0.86 A, C/ iso (H) = 1.2<7 eq (C,N). 

Computing details 

Data collection: APEX2 (Bruker, 2006); cell refinement: SAINT (Bruker, 2006); data reduction: (Bruker, 2006); 

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008). 
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Figure 1 

A view of the molecule of (I) showing the atom-labelling scheme with displacement ellipsoids drawn at the 30% 
probability. 



Bis(2-aminobenzothiazol-3-ium) bis(7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylato- /e 3 0 2 ,0 3 ,0 7 )nickelate(ll) 
hexahydrate 



Crystal data 

(C 7 H 7 N 2 S)2[Ni(C 8 H 8 0 5 ) 2 ]-6H 2 0 

M r = 837.5 1_ 

Triclinic, PI 

Hall symbol: -P 1 

a = 6.6907 (1) A 

b= 10.0963 (2) A 

c= 13.2283 (3) A 

a = 90.284 (1)° 

p = 91.192(1)° 

7 = 99.709(1)° 

V= 880.57 (3) A 3 

Data collection 

Broker APEXII area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
7^ = 0.828,7^ = 0.951 

Refinement 

Refinement on F 1 

Least-squares matrix: full 

RIF 2 > 20-OF 2 )] = 0.032 

wRiF 2 ) = 0.089 

S = 1.06 

3083 reflections 



Z = 1 

P(000) = 438 

D x = 1.579 Mgm 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 3486 reflections 

(9= 1.5-25.0° 

ju = 0.75 mirT 1 

T=296K 

Block, green 

0.27 x 0.21 x 0.07 mm 



11942 measured reflections 
3083 independent reflections 
2654 reflections with I > 2a(T) 
R mt = 0.032 

^max 25.0 , $min 1.5 

h = -7^7 
/fc = -ll^ll 
/ = -15-»15 



241 parameters 
3 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 
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Hydrogen site location: inferred from w = ll[a\F 2 ) + (0.0485P) 2 + 0.28467 3 ] 

neighbouring sites where P = (F a 2 + 2F 2 )/3 

H-atom parameters constrained (A/<r) max < 0.001 

A/w = 0.38 e A" 3 

A/w = -0.44 e A~ 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, ") 



Nil — 01' 
Nil— 01 
Nil— 03' 
Nil— 03 
Nil— 05 
Nil— 05' 
SI— C15 
SI— C9 

01— C7 
01W— H1WA 
OIW— H1WB 

02— C7 
02W— H2WA 
02W— H2WB 

03— C8 
03W— H3WA 
03W— H3WB 

04— C8 

05— CI 
05— C4 
Nl— C15 
Nl— C14 
Nl— H1A 
N2— CI 5 
N2— H2A 
N2— H2B 



2.0174(15) 
2.0174(15) 
2.0823 (15) 
2.0823 (15) 
2.1024(14) 
2.1024(14) 
1.735 (2) 
1.754 (2) 
1.269 (3) 
0.8500 
0.8500 
1.243 (3) 
0.8502 
0.8503 
1.267 (3) 
0.8503 
0.8503 
1.250 (3) 
1.459 (3) 
1.467 (3) 
1.318 (3) 
1.394 (3) 
0.8600 
1.310(3) 
0.8600 
0.8600 



C6— CI 
C6— C5 
C6— H6A 
C6— H6B 
C5— C4 
C5— H5A 
C5— H5B 
CI— C2 
CI— H1B 
C4— C3 
C4— H4A 
C2— C7 
C2— C3 
C2— H2C 
C3— C8 
C3— H3A 
C9— CIO 
C9— C14 
CIO— Cll 
CIO— H10A 
Cll— C12 
Cll— H11A 
C12— C13 
C12— H12A 
C13— C14 
C13— H13A 



1.520 (3) 
1.541 (3) 
0.9700 
0.9700 
1.517(3) 
0.9700 
0.9700 
1.536 (3) 
0.9800 
1.529 (3) 
0.9800 
1.529 (3) 
1.577 (3) 
0.9800 
1.522 (3) 
0.9800 
1.381 (3) 
1.391 (3) 

1.379 (4) 
0.9300 
1.383 (4) 
0.9300 
1.386 (3) 
0.9300 

1.380 (3) 
0.9300 



01'— Nil— 01 
01'— Nil— 03' 
01—^1—03' 
01'— Nil— 03 
01— Nil— 03 
03'— Nil— 03 
01'— Nil— 05 
01— Nil— 05 
03'— Nil— 05 
03— Nil— 05 
01'— Nil— 05' 
01— Nil— 05' 
03'— Nil— 05' 
03— Nil— 05' 
05— Nil— 05' 
CI 5— SI— C9 
C7— 01— Nil 
H 1 WA— 0 1 W— H 1 WB 
H2WA— 02W— H2WB 
C8— 03— Nil 
H3WA— 03W— H3WB 



180.0 
87.63 (6) 
92.37 (6) 
92.37 (6) 
87.63 (6) 
180.00 (9) 
90.51 (6) 
89.49 (6) 
89.20 (6) 
90.80 (6) 
89.49 (6) 
90.51 (6) 
90.80 (6) 
89.20 (6) 
180.0 
90.16(11) 
126.63 (14) 
111.0 
102.3 

118.10(13) 
110.3 



C2— CI— H1B 
05— C4— C5 
05— C4— C3 
C5— C4— C3 
05— C4— H4A 
C5— C4— H4A 
C3— C4— H4A 
C7— C2— CI 
C7— C2— C3 
CI— C2— C3 
C7— C2— H2C 
CI— C2— H2C 
C3— C2— H2C 
C8— C3— C4 
C8— C3— C2 
C4— C3— C2 
C8— C3— H3A 
C4— C3— H3A 
C2— C3— H3A 
02— C7— 01 
02— C7— C2 



113.3 

101.81 (17) 

101.95(16) 

111.62(18) 

113.4 

113.4 

113.4 

109.66 (17) 
116.01 (17) 
100.63 (16) 
110.0 
110.0 
110.0 

112.85 (17) 
112.99(17) 
101.37(16) 
109.8 
109.8 
109.8 
123.6 (2) 
118.55 (19) 
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Cl— 05— C4 
CI— 05— Nil 
C4— 05— Nil 
C15— Nl— C14 
C15— Nl— H1A 
C14— Nl— H1A 
C15— N2— H2A 
C15— N2— H2B 
H2A— N2— H2B 
Cl— C6— C5 
Cl— C6— H6A 
C5— C6— H6A 
Cl— C6— H6B 
C5— C6— H6B 
H6A— C6— H6B 
C4— C5— C6 
C4— C5— H5A 
C6— C5— H5A 
C4— C5— H5B 
C6— C5— H5B 
H5A— C5— H5B 
05— Cl— C6 
05— Cl— C2 
C6— Cl— C2 
05— Cl— H1B 
C6— Cl— H1B 



95.27 (15) 

116.89(12) 

112.33 (12) 

114.58(18) 

122.7 

122.7 

120.0 

120.0 

120.0 

101.64(17) 

111.4 

111.4 

111.4 

111.4 

109.3 

101.95 (19) 

111.4 

111.4 

111.4 

111.4 

109.2 

102.53 (17) 
102.03 (16) 
111.26(18) 
113.3 
113.3 



01— C7— C2 
04— C8— 03 
04— C8— C3 
03— C8— C3 
CIO— C9— C14 
CIO— C9— SI 
C14— C9— SI 
Cll— CIO— C9 
Cll— CIO— H10A 
C9— CIO— HI OA 
CIO— Cll— C12 
CIO— Cll— H11A 
C12— Cll— H11A 
Cll— C12— C13 
Cll— C12— H12A 
C13— C12— H12A 
C14— C13— C12 
C14— C13— H13A 
C12— C13— H13A 
C13— C14— C9 
C13— C14— Nl 
C9— C14— Nl 
N2— C15— Nl 
N2— C15— SI 
Nl— C15— SI 



117.79(18) 
123.94(19) 
117.72(19) 
118.34(18) 
121.1 (2) 
128.6 (2) 
110.31 (16) 
118.0(2) 
121.0 
121.0 
120.9 (2) 
119.6 
119.6 
121.4 (2) 
119.3 
119.3 
117.6(2) 
121.2 
121.2 
120.9 (2) 
126.8 (2) 
112.23 (19) 
124.1 (2) 
123.20 (17) 
112.73 (16) 



03'— Nil— 01— C7 
03— Nil— 01— C7 
05— Nil— 01— C7 
05'— Nil— 01— C7 
01'— Nil— 03— C8 
01— Nil— 03— C8 
05— Nil— 03— C8 
05'— Nil— 03— C8 
01'— Nil— 05— Cl 
01— Nil— 05— Cl 
03'— Nil— 05— Cl 
03— Nil— 05— Cl 
01'— Nil— 05— C4 
01— Nil— 05— C4 
03'— Nil— 05— C4 
03— Nil— 05— C4 
Cl— C6— C5— C4 
C4— 05— Cl— C6 
Nil— 05— Cl— C6 
C4— 05— Cl— C2 
Nil— 05— Cl— C2 
C5— C6— Cl— 05 



-120.43 (17) 

59.57 (17) 
-31.25 (17) 
148.75 (17) 
134.35 (16) 
-45.65 (16) 
43.80(16) 
-136.20(16) 
169.62 (13) 
-10.38 (13) 
82.01 (13) 
-97.99 (13) 
-81.74(13) 
98.26 (13) 
-169.35 (13) 
10.65(13) 
-1.2 (2) 
56.54(18) 
174.86 (12) 
-58.75 (18) 

59.58 (17) 
-34.3 (2) 



C5— C4— C3— C2 
C7— C2— C3— C8 
Cl— C2— C3— C8 
C7— C2— C3— C4 
Cl— C2— C3— C4 
Nil— 01— C7— 02 
Nil— 01— C7— C2 
Cl— C2— C7— 02 
C3— C2— C7— 02 
Cl— C2— C7— 01 
C3— C2— C7— 01 
Nil— 03— C8— 04 
Nil— 03— C8— C3 
C4— C3— C8— 04 
C2— C3— C8— 04 
C4— C3— C8— 03 
C2— C3— C8— 03 
C15— SI— C9— CIO 
C15— SI— C9— C14 
C14— C9— CIO— Cll 
SI— C9— CIO— Cll 
C9— CIO— Cll— C12 



72.7 (2) 
-3.4 (2) 
-121.57(18) 
117.67(19) 
-0.53 (19) 
-168.26 (16) 
15.2 (3) 
-128.9(2) 
118.0(2) 

47.8 (2) 
-65.2 (2) 
142.42(18) 
-37.8 (2) 
151.24(19) 
-94.5 (2) 
-28.5 (3) 
85.8 (2) 
-179.3 (2) 
0.40 (17) 
-0.2 (4) 
179.49(19) 
0.8 (4) 
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C5 — Co — C 1 — C2 


HA 1 /^\ 

74.1 (2) 


CIO— Cll— C12— C13 


1 A (A \ 

-1.0 (4) 


Cl — 05 — C4 — C5 


—57.14 (18) 


Cll— C12— C13— C14 


AC f A\ 

0.5 (4) 


Nil — 05 — C4 — C5 


1 A*7 /1 IN 

-179.07 (13) 


CM C 1 1 C 1 4 ("'Q 




A 1 /") \ 

0.1 (3) 


C 1 — 05 — C4 — C3 


58.27 (18) 


r 1 1 1 c^^. c}A xr 1 

1Z — L> 1 J — 14 — IN 1 




1 "7A H /1\ 

-179.7 (2) 


N 1 1 — (J 5 — C4 — C3 


-63.67 (16) 


i u — L>y — 1 4 — i j 




-0.2 (3) 


Co — C5 — C4 — 05 


36.1 (2) 


i>l — — ^14 — \^Vi 




1 OA A A { 1 0\ 

180.00 (18) 


Co — C5 — C4 — C3 


—72.0 (2) 


C10 C9 C14 Nl 




179.5 (2) 


05 — Cl — C2 — C7 


-86.34 (19) 


SI— C9— C14— Nl 




— 0.2 (2) 


Cf, C\ Cl Cl 

v^o — v i — v^z — v / 


1 fid Qd C1 8 s ! 


C15 — Nl — C14 — C13 




1 7Q ^ (1\ 
l /y.\j \A ) 


05— Cl— C2— C3 


36.40 (19) 


C15— Nl— C14— C9 




-0.2 (3) 


C6— Cl— C2— C3 


-72.3 (2) 


C14 — Nl — C15 — N2 




-179.9 (2) 


05— C4— C3— C8 


85.9 (2) 


V. 1 1 IN 1 V^. 1 J O 1 




0.5 (2) 


C5— C4— C3— C8 


-166.13 (18) 


C9— SI— C15— N2 




179.9 (2) 


Uj — C4 — C3 — 


— iD.Zj (19) 


C9— SI— C15— Nl 




— U.DZ (Is) 


Symmetry code: (l) -x+\, -y+\, -z. 










Hydrogen-bond geometry (A, ") 










£> H—A 


H 


U-A 


D-A 


U-A 


/- \ i jjr T T 1 TIT" A f '\ A i i 

Ol W — HI WA--04" 


0.85 


1 Ql 

l.y 1 


1 8 1 ^ c> \ 


179 


Ol fr — HI WB—yjiW 


A O C 

0.85 


2.28 


3.029 (3) 


147 


02ff — H2WA—02 m 


A O C 

0.85 


1.83 


2.682 (2) 


1 ~7 A 

179 


r r LIZ. Yr £> \J 1 V V 


0 8^ 

U.OJ 


1.95 


2.798 (3) 


1 78 

I/O 


o?>w—mwA-o\w 


0.85 


1.92 


2.769 (3) 


179 


03W—R3WB-02W 


0.85 


1.95 


2.772 (3) 


161 


Nl— HL4-04" 


0.86 


1.82 


2.673 (2) 


173 


N2— H2^-03 u 


0.86 


2.01 


2.863 (2) 


173 


N2— U2B-02W" 


0.86 


2.00 


2.818 (3) 


158 



Symmetry codes: (ii) -x+ 1 , -y+ 1 , -z+ 1 ; (iii) x,y-l, z; (iv) -x+ 1 , -y, -z+ 1 ; (v) -x, -y, -z+ 1 . 
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